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Harold E. Harris
I Introduction
In Louisiana, particularly in the western part of the state where the
production of livestock is becoming one of the important agricultural
enterprises, the improvement and management of pastures are being
given primary consideration. The soils of this area are low in nitrogen,
calcium, and other bases, and are extremely low in phosphorus. These
soils commonly support undesirable grasses and weeds which are able
to thrive at a low fertility level. Most of these species are less palatable
to livestock and yield less than the desirable species. These conditions
result in lower carrying capacity of the pastures and higher cost of live-
stock production.
Studies have been made at the West Louisiana Experiment Station to
determine what fertilization and liming practices are necessary for the
establishment of improved pastures. In general, the results show that
phosphorus is the limiting factor in pasture development. In addition to
phosphate fertilization, liming is necessary to bring about a proper soil
reaction, and in some cases other factors have to be taken into account.
Therefore, a major step in pasture improvement is to apply sufficient
available phosphorus for the growth of desirable pasture plants. In
solving this problem, the question of what phosphate fertilizer will be
the most efficient for this purpose becomes important.
The purpose of this investigation was to determine the relative effi-
ciency of three sources of phosphate fertilizers in increasing the yield and
improving the protein and mineral contents of forage from a mixture of
rye grass, white clover, and Dallis grass.
Review of Literature
The effects of phosphate fertilization on the yield or production of
pasture grasses and legumes have been studied in detail by a number of
investigators. Fewer studies of the effects of applied phosphate on the
chemical composition of pasture crops have been made.
The yield and chemical composition of pasture plants in general
have been shown to vary greatly in relation to species, soil fertility, stage
of plant maturity, and weather conditions. Most pasture plants contain
a higher percentage of protein and minerals in the early growth stages.
As the plants mature, the percentage of these constituents decreases and
the quality of the forage progressively declines.
A number of experiments have been conducted by the Virginia Ex-
periment Station in which superphosphate and rock phosphate were
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compared. The results of these experiments have been summarized by
Rich and Lutz (33) . Two phosphate materials were compared on an
equal P2O5 basis. The data showed that most crops did not respond as
well to rock phosphate as they did to superphosphate. However, the
yields of all crops were relatively high without the use of any phosphate.
Woodhouse (42) summarized the data from North Carolina showing;
the value of rock phosphate in comparison with superphosphate. He
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concluded that rock phosphate was inferior to superphosphate when ap-
plied on an equal basis. Two to seven times as much phosphorus was
required in the form of rock phosphate to give a response equal to that
of superphosphate.
In three pasture experiments in Mississippi, Anthony (2) reported
that rock phosphate applied at twice the rate of P.2O5 as in superphos-
phate increased yields 47 per cent, compared with 68 per cent for super-
phosphate. Lyon (23) conducted a field test in Nevv^ York on Dunkirk
silty clay loam in which superphosphate applied at one-fourth the rate
of P2O5 applied as rock phosphate produced as much increase in yield
as rock phosphate.
Moores (28) summarized the results of a 3-year rotation for a 10-year
period of an experiment in which superphosphate and rock phosphate
were compared at several rates. An average of all crops showed that
superphosphate was the more effective source on both limed and un-
limed soils. Lime decreased the effectiveness of rock phosphate appre-
ciably.
DeTurk (15) stated that free calcium carbonate may retard the in-
take of phosphorus from rock phosphate by plants which are not "strong
feeders." He did not recommend, however, that lime be omitted where
rock phosphate is used. Legumes that are "strong feeders" on rock phos-
phate need lime, and as a result the advantage of using lime along with
rock phosphate in a legume rotation may exceed any early reduction in
the yield of non-legumes. It is evident that only enough lime should be
added to satisfy the needs of the legumes.
Thorne (37) concluded that superphosphate proved to be a more
effective as well as a more economical source of phosphorus than rock
phosphate where freight rates are a relatively large part of the cost of
the materials. He also stated, "Where a different outcome has resulted,
it is usually found that one or both of the phosphate carriers have been
used in such large quantities as to furnish more available phosphorus
than the crops were able to utilize, thus making a comparative measure-
ment of the effect of the two carriers impossible." Since rock phosphate
is cheaper per unit of P2O5 than superphosphate, it is often applied at
two to four times the rate of PoOg used for superphosphate.
Murdock and Seay (30), in experiments with red clover and wheat,
found that the amount of available phosphorus from rock phosphate is
increased by increasing the rate of application. About 3.5 to 4.0 times as
much rock phosphate as superphosphate is needed to give equal yields
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and plant phosphorus contents when the phosphorus sources are applied
separately. Volk (40) found that the yields of oats and sorghum and
the total calcium and phosphorus absorbed by the plants were much
greater for superphosphate than for rock phosphate.
Long (22) , in comparison of rock phosphate with triple superphos-
phate, found that the yield of red clover was only 75 per cent that ob-
tained from triple superphosphate when rock phosphate was applied at
2.5 times the P2O5 equivalent of the triple superphosphate.
Neller and Lundy (31) , in studies of the availability of residual
phosphorus from superphosphate and rock phosphate, found that 40 per
cent of the phosphorus in an oat crop was obtained from residual phos-
phorus of superphosphate applied at 100 pounds of P2O5 per acre. Pre-
treatment with 300 pounds of P2O5 per acre resulted in more than 60 per
cent uptake of phosphorus from residual phosphate. For oats in 1950,
and for fescue in 1951, the uptake from residuals of finely ground rock
phosphate at 640 pounds of P2O5 per acre was equal to that from super-
phosphate applied at 100 pounds of P2O5 per acre. The use of rock
phosphate resulted in decreases in yields and in percentage of phosphorus
in the crops, as compared with superphosphate.
McLean, Brown- and Hawkins (26) , in comparative evaluation
studies on rock and superphosphate, found that over long periods of time
crops grown on soils receiving rock phosphate may eventually yield as
well as those grown on soils receiving superphosphate. However, for
short periods of time the crops treated with superphosphate definitely
outyield those receiving rock phosphate as the only source of phosphorus.
Larson, Nelson, and Hunter (21) conducted field and laboratory
studies on extremely deficient soils to determine the effects of different
rates of superphosphate on yield and phosphorus composition of oats
and alfalfa and to evaluate the residual effects of initial application of
phosphorus over a number of years. Superphosphate was applied broad-
cast and disced into the soil in the spring of 1946 at rates of 0, 30, 60,
120, and 240 pounds of P2O5 per acre. The phosphate applications
greatly increased the phosphorus content of the oats and alfalfa. By 1949,
the 240-pound application of P2O5 was still responsible for large yield
increases.
Cheaney, Weihing, and Ford (10) reported the first four years (1950-
1953) of data from an experiment to determine the effects of various
rates and frequencies of application of rock phosphate and superphos-
phate on the yield and chemical composition of pasture forage on a Lake
Charles clay loam soil. The amounts of PoO-, in pounds per acre from
each source and frequency of fall application of this amount were 30
pounds every year, 60 pounds every 2 years, 120 pounds every 4 years,
240 pounds every 8 years, and 480 pounds every 16 years. At the end of
the fourth year, four yearly 30-pound applications and two 60-pound ap-
plications of P2O5 from superphosphate had equalled and surpassed the
production from single applications of 120 and 240 pounds of PoO^ from
5
the same source. There appeared to be a similar trend with rock phos-
phate; however, the yearly 30-pound application had not proved very ef-
fective.
The chemical composition of pasture forage may be influenced by
several factors. Existing data indicate that the most important causes of
such differences are age of plant, species present, soil fertility, climatic
conditions, and competition from other plants. It is well known that
there are variations in the composition of plants at different stages of
growth. Beeson (6) indicated that, in general, the nutritive elements
attain maximum concentrations during the early life of the plant.
Daniel and Harper (13) found that nitrogen and phophorus are high
in the young plants and decrease toward maturity. The total calcium in
the plants increases at first, then decreases at a slower rate than the phos-
phorus and nitrogen as the plant matures. Hart and Guilbert (19) of the
California station reported that the protein, calcium, and phophorus in
range grasses decrease with maturity.
Fraps and Fudge (17) found that the phosphorus and protein contents
decreased considerably and lime increased in most of the species as the
plants passed from the early vegetative stage through blooming and ma-
turity. The relative change in composition differed considerably, how-
ever, with different species. The average protein content ranged from
5.37 to 9.10 per cent in the early stage, from 3.89 to 7.20 per cent in the
bloom stage, and from 3.64 to 7.30 per cent at maturity.
Armstrong (4) found that the herbage of a pasture varies botanically
to a considerable extent during the season, the variation being deter-
mined largely by soil and weather. He also found that from the early part
of June onward the percentage of nitrogen and phosphorus in the forage
of a pasture gradually decreases, while the proportion of dry matter in-
creases.
The relative production of pastures in terms of animal growth depends
not alone on quantity of forage produced but also on quality. Vinall and
Wilkins (39) stated that the application of fertilizer to Kentucky blue-
grass caused significant increases in protein, calcium, and phosphorus.
The application of phosphorus to the soil increased the phosphorus and
calcium of both grass and white clover.
From a standpoint of nutritive value, the mineral content of forage
crops is highly important. This is especially true with phosphorus, which
for the country as a whole is more often than any other element a limit-
ing factor in nutritional requirements for grazing livestock and for crop
production.
Beeson (7) and Mitchell (27) pointed out that the most prevalent and
widespread nutritional inadequacy among farm animals is phosphorus.
Crampton (11) stated that calcium and phosphorus contents of in-
dividual pasture species can be altered by fertilizer treatment. However,
he believed that the nutritive value of the forage is not necessarily af-
fected by such differences. Beeson (6) concluded that phosphorus ferti-
6
lizers can slightly increase the concentration of phosphorus in most
species used for forage, particularly where the original phosphorus con-
centration in the plant is usually low. He pointed out that the phos-
phorus concentration in the plant, related to application of phosphates
to the soil, depends to a large degree on the nature of the soil.
Singleton, Nelson, and Stanberry (35) found that the phosphorus
content of alfalfa was increased by 79 per cent and the yield of hay by
up to 50 per cent through the application of phosphate fertilizers at an
average annual rate of 48 pounds of P2O5 per acre to phosphorus-
deficient soils.
Alway and Nesom (1) concluded that, in farm practice, phosphorus
fertilizers applied on phosphorus-deficient soils usually caused an ap-
preciable increase in the protein content of alfalfa hay. They were able
to show an increase of 1 per cent in crude protein as a result of phosphate
fertilization in western Minnesota. This is almost double the increase in
crude protein reported by Singleton, Nelson, and Stanberry (85) , who
conducted their trials on phosphorus-deficient soils.
Crampton and Findlayson (12) made extensive pasture trials. They
concluded that some factor or factors other than quantitative differences
in total protein, fiber, or minerals such as calcium and phosphorus, of
the rations must cause differences in the nutritive value of pastures fer-
tilized with lime and phosphate.
Maynard (24) stated that the deleterious effects of low phosphorus
occur acutely where dry matter contains 0.12 per cent phosphorus or
less. He considered that with forage as the sole feed for livestock during
periods of maximum demands, such as growth or lactation, the phos-
phorus content of the forage should be at least 0.30 per cent.
A number of other investigators have considered that the minimum re-
quirements of beef cattle may be met by a somewhat lower forage phos-
phorus content. Watkins (41) considered that forage with a phosphorus
content of 0.113 per cent would have sufficient phosphorus to meet
minimum requirements of beef cattle during the summer months. He
stated that forage containing less than 0.113 per cent phosphorus was
deficient for beef cattle. Forage containing 0.113 per cent to 0.151 per
cent was considered to have a medium phosphorus content; and forage
containing over 0.151 per cent was considered high in phosphorus from
the standpoint of the nutrition of beef cattle. A forage phosphorus con-
tent of 0.093 per cent was considered the minimum winter requirement
for beef breeding cows.
Black, Tash, Jones, and Kleberg (9) considered a forage phosphorus
content of 0.13 per cent necessary to meet the minimum requirement for
beef cattle. Savage and Heller (34) accepted the figure of 0.13 per cent
forage phosphorus as the minimum requirement for beef cattle.
Davis (14) stated that in areas where phosphorus is supplied entirely
by a pasture program, the minimum level of phosphorus in the forage
should be between 0.17 and 0.20 per cent.
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Beeson, Bolin, Hickman, and Johnson (8) found that rations contain-
ing from 0.11 to 0.15 per cent phosphorus were deficient for growing and
fattening steer calves. A ration containing 0.18 per cent phosphorus was
adequate to meet the requirements of fattening steers. Guilbert, Ger-
laugh, and Madsen (18) also recommended higher phosphorus allow-
ances for beef cattle. They considered that cows nursing calves should
have a forage containing not less than 0.18 per cent phosphorus. This
percentage in the ration will also be adequate for normal growth of
heifers and steers except for those in the 400 to 600 pound weight range.
Davis (14) stated that the level of calcium in the forage below which a
deficiency would be assumed must be somewhat arbitrary, inasmuch as
beef cattle are less susceptible to a calcium deficiency condition than are
dairy cattle in lactation. He concluded that levels below 0.20 per cent
calcium on a dry weight basis are inadequate for milking cows, and 0.10
per cent calcium was considered as a minimum that will support even
poor beef cattle husbandry.
Henderson and Weakley (20) found that for growing dairy animals
the minimum requirements for calcium is 0.35 per cent and for phos-
phorus 0.20 per cent. They found that whenever conditions existed which
enabled bluegrass and white clover to crowd out poverty grass and other
undesirable herbage, the calcium and phosphorus contents were well
above 0.35 and 0.20 per cent, respectively.
Experimental Procedure
A pasture mixture consisting of Louisiana S-1 white clover, common
rye grass, and Dallis grass was grown for two years and used to determine
the effects of various rates and times of application of rock phosphate,
ordinary superphosphate, and triple superphosphate on the yield, chemi-
cal composition, and nutritive value of the forage. The pasture mixture
was grown at the West Louisiana Experiment Station, DeRidder, Louisi-
ana, on a Bowie very fine sandy loam. The topography of the experi-
mental area varied from 2 to 3 per cent slope. Little bluestem (Andro-
pogan scorparius)
,
big bluestem {Andropogan gerardi) , and broom sedge
{Andropogan virginicus) were the common grasses growing on the area
before the experimental mixture was established.
Soil samples were taken to a depth of six inches in the experimental
area prior to the fertilization of the plots.
Soil analysis showed that this soil was low in available phosphorus (6
parts per million) , available potassium (35 p.p.m.) , available calcium
(200 p. p.m.) , and available magnesium (58 p.p.m.). The soil had a pH
value of 5.9.
A seedbed was prepared in the fall of 1952 by plowing, discing, and
leveling the area.
Four blocks, each consisting of 10 plots completely separated by alley-
ways, were established in a randomized block design. Each plot measured
10 feet by 60 feet.
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Fertilizer treatments involved the use of 33.5 per cent ammonium
nitrate, 20 per cent ordinary superphosphate, 45 per cent triple super-
phosphate, 33 per cent rock phosphate, and 60 per cent muriate of
potash. Ammonium nitrate and muriate of potash were applied annually
each fall to all plots, except to the check plot, at rates of 24 pounds of
nitrogen and 96 pounds of K^O per acre. Dolomitic limestone was ap-
plied before seeding in 1952 at the rate of 4,000 pounds per acre to all
plots except the check plots and those receiving a treatment of rock
phosphate as indicated below. The different phosphate treatments were
as follows:
check (no fertilizer or lime)
15 pounds P2O5 per acre from triple superphosphate annually
30 pounds P2O5 per acre from triple superphosphate annually
60 pounds P2O5 per acre from triple superphosphate annually
120 pounds P2O5 per acre from triple superphosphate annually
300 pounds P2O5 per acre from triple superphosphate first year only
300 pounds P2O5 per acre from ordinary superphosphate first year
only
300 pounds P2O5 per acre from rock phosphate first year only
600 pounds P2O5 per acre from rock phosphate first year only
600 pounds P2O5 per acre from rock phosphate first year only (no
lime)
The lime was dropped from a fertilizer spreader onto the plots after
seedbed preparation. The nitrogen, phosphate, and potash were then
broadcast by hand on the plots, and the lime and mixed fertilizer were
disced into the soil to a depth of approximately two inches.
Following the application of lime and fertilizers the plots were broad-
cast seeded with 5 pounds of Louisiana S-1 white clover and 25 pounds of
common rye grass per acre. The area was then cultipacked to press the
seed into the soil and to conserve moisture. A satisfactory stand of clover
and grass was obtained in all the fertilized plots. In the check plots, the
seed germinated and died within a short time. Dallis grass was broadcast
seeded on the established sod at the rate of 10 pounds per acre in the
spring of 1953. Again a successful stand was obtained in all plots except
the check plot.
The forage harvested from the check plots, in all instances, consisted
of native grasses and weeds. The entire area of each plot was clipped to
a height of about two inches with a sickle type mower when there was
enough growth to warrant harvesting to determine forage yields. Sam-
ples were taken from each replicated treatment at harvest to determine
air-dry yields and chemical analysis. The samples were taken at random
within each replication. An estimate was made of the percentage of
grasses and legumes in the mixture at the time of sampling. The plants
were placed in paper bags and allowed to air-dry. After the samples had
been taken, the remainder of the vegetation was removed from the plots.
Air-dried plant material from the different replicates of the fertilizer
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treatments was ground to 20-mesh fineness in a Wiley mill. The replicates
were combined and chemical analyses were made on one composite sam-
ple for each fertilizer treatment. A portion of each composite sam-
ple was dried in ci forced draft oven at 105° C. for 12 hours, after which
it was removed and phiced in a dessicator and allowed to cool. Between
1 and 2 grams of the dry plant material were weighed on an analytical
balance, placed into 250 ml. beakers, and covered with ribbed beaker
covers. The plant samples were wet-ashed with nitric and perchloric acids
according to the method developed by Toth, Prince, Wallace, and Mik-
kleson (38) . Fifteen milliliters of concentrated nitric acid were added to
the samples, and they were allowed to digest for 12 hours without heat-
ing. The samples were then placed on a hot plate at low temperature
and allowed to digest until the solution was straw-colored. The samples
were then removed from the hot plate and allowed to cool. After the
samples had cooled, 10 ml. of 70 per cent perchloric acid were added to
each sample. The samples were then placed on a hot plate and were
allowed to evaporate at low temperature to almost dryness. This pro-
cedure was repeated with 1:1 nitric-perchloric acid until a clear color
appeared, indicating that all of the organic matter had been removed.
The samples then contained the mineral elements and silica.
The mineral elements and silica were taken up in 10 ml. of 5 N hydro-
chloric acid and heated to almost boiling. Ten milliliters of hot distilled
water were added and the samples were immediately filtered through a
No. 42 Whatman filter paper into 100 ml. volumetric flask. The samples
were washed several times with hot distilled water and allowed to cool
before bringing up to volume.
The above solution, labeled "Solution A," contained the calcium,
phosphorus, magnesium, and potassium that were to be determined.
If exactly 1-gram samples of plant material had been used in the 100
ml. of "Solution A," the dilution factor of the solution would have been
100. Since between 1 and 2 grams of the plant material were used, it was
necessary to calculate a dilution factor for each sample in order to de-
termine the per cent of each element in the solution. The dilution fac-
tors were calculated as follows:
100
Dilution factor (d.f.) = .
Wt. of plant sample used
The calcium, magnesium, and potassium contents of the plant ma-
terial were determined by the use of a Beckman Model DU Flame Spec-
trophotometer. The instrument settings for determining these elements
are given in Table 1.
Standard solutions for calibration were made up in 0.5 N hydro-
chloric acid and contained the following concentrations of calcium, mag-
nesium, and potassium: calcium, 0, 50, 100, 150, 200, and 250 p.p.m.;
magnesium, 0, 10, 20, 30, 40, and 50 p.p.m.; potassium, 0, 50, 100, 150,
200, 250, 300, and 400 p.p.m. The unknowns were aspirated through the
10
TABLE 1.—Instrument settings for the Beckman Model DU Flame Spectrophotometer,
for the determination of calcium, magnesium, and potassium
Ca Mg K
Wavelength, Mu 422.1 382.2 765
Slit width, mm 0.15 0.2 0.04
Load resistor 2 2 3
Fuel:
C2H2, psi 2.5 2.5
H2, psi 2.5
O2, psi 10 10 10
Selector switch 0.1 0.1 0.1
Sensitivity 2 Full Off
Zero supression Off Off Off
Phototube Blue Blue Red
(Knob out) (Knob in)
flame, and the values read were compared with a standard curve. The
parts per million and per cent of each mineral element determined in
the plant material were calculated as follows:
p.p.m. Ca in plant = p.p.m. Ca in solution x d.f.
% Ca in plant = p.p.m. in plant x 0.001
Phosphorus was determined with the method developed by Dickman
and Bray (16) . One milliliter aliquots of the "Solution A" were trans-
ferred into 50 ml. volumetric flasks. After diluting the "Solution A" with
approximately 35 ml. of distilled water, 10 ml. of 2.5 per cent ammon-
ium molybdate solution in 10 N sulfuric acid and 5 ml. of dilute stan-
nous choloride were added. The solution was made up to volume and
agitated. A set of standards ranging from 0.1 to 0.5 p.p.m. phosphorus
was prepared simultaneously. The color of each sample was allowed to
develop for a minimum of 6 minutes and then the transmittency was
read in a Fisher Electrophotometer using a 650 Mu filter. The amount
of phosphorus present in the plant material was determined by reference
to a standard curve.
The remainder of the composite air-dried samples were sent to the
Feed and Fertilizer Laboratory of Louisiana Agricultural Experiment
Station, where analyses were made according to the methods of the As-
sociation of Official Agricukural Chemists (5) . The samples were
analyzed for moisture, crude protein, ether extract or fat, nitrogen-free
extract, fiber, and ash contents. The percentage of these constituents
are reported on a moisture-free basis.
Experimental Results and Discussion
The results from the effects of different levels and sources of fertil-
izer phosphorus on the yield and chemical composition of the rye grass,
Louisiana S-1 white clover, and Dallis grass pasture mixture are reported
in Tables 2 through 7.
The forage yields for the two years 1953 and 1955 are given in Table
2 and are shown graphically in Figures 1, 2, and 3. The data for 1954
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TABLE 2.—The effects of different sources and amounts of fertilizer phosphorus on
the yield of a mixture of rye grass, Louisiana S-1 white clover, and Dallis
grass on a Bowie very fine sandy loam
Pounds dry matter per acre
Total
Treatments Harvests 1953 1955 1953 and 1955
No treatment April 40 40
June 133 761 894
Sept. 1,142 116 1,268
Total 1,275 917 2,192
15 lbs. P0O5/A. April 196 378 574
triple superphosphate June 637 1,474 2,111
annually Sept. 1,206 200 1,406
Total 2,039 2,052 4,091
30 lbs. P2O5/A. April 370 655 1,025
triple superphosphate June 708 2,102 2,810
annually Sept. 1,119 244 1,363
Total 2,197 3,001 5,198
60 lbs. P2O5/A. April 444 803 1,247
triple superphosphate June 698 1,720 2,418
annually Sept. 1,229 252 1,481
Total 2,371 2,775 5,146
120 lbs. P2O5/A. April 378 1,861 2,239
triple superphosphate June 1,032 2,283 3,315
annually Sept. 1,238 319 1,557
Total 2,598 4,463 7,111
300 lbs. P2O5/A. April 554 1,023 1,577
triple superphosphate June 1,157 2,300 3,457
1st year only Sept. 1,333 320 1,653
Total 3,044 3,643 6,687
300 lbs. P0O5/A. April 1,940 1,313 3,253
ordinary superphos. June 1,200 2,456 3,656
1st year only Sept. 1,454 420 1,874
Total 4,594 4,189 8,783
300 lbs. PoOg/A. April 307 467 744
rock phosphate June 669 1,773 2,442
1st year only Sept. 1,166 212 1,378
Total 2,142 2,452 4,594
600 lbs. P.O5/A. April 568 804 1,372
rock phosphate June 1,040 2,192 3,232
1st year only Sept. 1,302 340 1,642
Total 2,910 3,336 6,246
600 lbs. P.OJA. April 444 611 1,055
rock phos. 1st yr. June 752 2,061 2,813
only (no lime) Sept. 1,302 304 1,606
Total 2,498 2,976 5,474
L.S.D. @ 5% level 1,161 880 1,861
L.S.D. @ 1% level 1,567 1,188 2,514
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0 1 5 3 0 6 0 1 20 300* 300* 300* 600* 600*
Lbs. P2O5 Applied Per Acre
FIGURE 1.—The effects of the use of different sources and amounts of phosphorus
on the yields from a mixture of rye grass, Louisiana S-1 white clover, and Dallis
grass, 1953.
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FIGURE 2.—The effects of the use of different sources and amounts of phosphorus
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FIGURE 3.—The effects of the use of different sources and amounts of phosphorus
on the yields from a mixture of rye grass, Louisiana S-1 white clover, and Dallis
grass, for the years 1953 and 1955.
were omitted because o£ extremely low rainfall during most of the spring
and summer seasons. The yields were low, and little differences were
obtained among the different fertilizer treatments. The data reported for
1953 and 1955 were obtained under normal rainfall conditions.
Examination of the data in Table 2 shows that significant differences
in dry matter production occurred among the different phosphate treat-
ments. The differences are significant at both the 5 per cent and 1 per
cent levels. In general, the dry matter production per acre increased as
the amount of available P2O5 applied per acre was increased. It should
be noted, however, that the rates of P2O5 are given in terms of total P2O5
applied per acre. The total P2O5 of ordinary and triple superphosphate
is considered available; whereas in rock phosphate, only 10 per cent of
the total P2O5 is considered available. In the case of the T.V.A. rock-
phosphate used in this experiment, 3 per cent of the material was avail-
able P2O5.
In 1953, the highest yield of dry matter obtained in the experiment
was 4,594 pounds per acre from the application of 300 pounds of P2O5
from ordinary superphosphate (Table 2) . The best yield of dry matter
from rock phosphate was 2,910 pounds per acre from the application of
600 pounds of P.O.,.
In 1955, the highest yield of dry matter was 4,436 pounds per acre
from 120 pounds of P.Og applied annually as triple superphosphate. A
comparison of triple superphosphate and ordinary superphosphate at
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the 300 pounds of P2O5 level shows that ordinary superphosphate gave a
significantly higher total of dry matter per acre for the two-year period
(Table 2) . This significantly higher yield obtained from ordinary super-
phosphate may be attributed partly to the presence of sulphur in this
source of phosphorus. However, in other phosphate studies at this sta-
tion, no increase in yields was obtained from the use of sulphur with
triple superphosphate.
The highest total yield of dry matter among the rock phosphate
treatments was obtained from 600 pounds of PoOg per acre. This yield
was lower than the yield from the better superphosphate treatment, in-
dicating that more rock phosphate was needed for maximum production.
For the two years combined, the highest total yield, 8,783 pounds per
acre, in the superphosphate series was produced by the application of 300
pounds of P2O5 per acre from ordinary superphosphate (Table 2) .
Rock phosphate applied at the rate of 600 pounds of P2O5 per acre
appears to be comparable to triple superphosphate applied at the rate of
300 pounds of P2O5 per acre for forage production. In other experiments,
ordinary superphosphate has been found to be superior to triple super-
phosphate or rock phosphate for forage production on soils at DeRidder.
The data in Table 2 indicate that more than 60 pounds of P2O5 per
acre applied annually from superphosphate is needed to maintain yields
of forage under meadow conditions.
Data in Tables 3, 4, and 8 show that the crude protein content of the
forage varied with the season and with botanical composition. Generally,
the crude protein of the forage was higher in the spring and early sum-
mer when a relatively large percentage of the forage was composed of
legumes. The crude protein content of the forage at the three sampling
dates ranged from high values in the vicinity of 10 to 15 per cent in April
and June to low values of about 5 to 6 per cent in September. The forage
collected from the check plots, which consisted of native grasses, was low
in crude protein content throughout the growing season.
Morrison (29) states that the protein requirements of a mature preg-
nant cow weighing 900 pounds will not be met when protein in forage
falls below 6 per cent. For beef cows during the lactating period a for-
age protein requirement of 9 per cent is suggested. This requirement is
based on a crude protein digestibility of 60 per cent, and consump-
tion by the cow of 18 to 20 pounds of dry matter daily.
Guilbert, Gerlaugh and Madsen (18) state that 5 per cent digestible
protein in the ration is adequate, except for heifers and steers weighing
less than 800 pounds, bulls, and fattening cattle. If the protein in the
forage is considered 60 per cent digestible, the crude protein content of
the forage should be approximately 8.3 per cent in order to provide an
allowance that would be generally adequate.
The data in Tables 3 and 4 show the crude protein content of the
forage from all treatments, except from the check plots, to be approxi-
mately equal to or above the recommended minimum for beef cattle in
15

Sixty pounds P2O5 per acre from concentrated superphosphate annually.
Six hundred pounds P2O5 per acre from rock phosphate first year only.
18
4^
Six hundred pounds P2O3 per acre from rock phosphate first year only (no lime).
April and June. By September, however, the crude protein content of
the forage from all plots was well below the required minimum.
The production of crude protein per acre was greater as the available
P2O5 applied per acre was increased (Figures 4, 5, and 6) . The percent-
age of crude protein in the forage did not necessarily increase, as shown
by data in Tables 3 and 4. This greater production of crude protein as
the available P2O3 applied per acre was increased was due to greater
yield of dry matter.
The percentage of fat and ash in the forage was generally higher in
April and June than in September. The fiber content of the plants in-
creased as the season advanced and plants reached maturity.
As a general measure of the nutritive value of a feed, digestion coef-
ficients are used to compute the content of total digestible nutrients
(T.D.N.) . Although data on the total digestible nutrients are not avail-
able, certain speculations may be made. By referring to Tables 3 and 4,
it is evident that the crude protein content of the forage was increased by
fertilization. In general, the crude protein content was higher when a
large percentage of the forage was composed of legumes.
An attempt was made to evaluate forage quality as characterized by a
carbohydrate-protein ratio. This ratio was calculated as follows:
% Nitrogen-free Extract -\- % Crude Fiber
^ = Carbohydrate-protein Ratio
% Crude Protein
The carbohydrate-protein ratios were narrower in the spring and







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































* Applied Isl. Yr. Only
z
'A
0 1 5 3 0 6 0 1 20 30 0' 300* 300* 600' 600*
Lbs. P2O5 Applied Per Acre
FIGURE 4.—The effects of the use of different sources and amounts of phosphorus
on the production of crude protein in a mixture of rye grass, Louisiana S-1 white











Applied Ut. Yr. Only
21 (A
0 1 5 3 0 6 0 20 30 0* 300* 300* 600* 600*
Lbs. P2O5 Applied Per Acre
FIGURE 5.—The effects of the use of different sources and amounts of phosphorus
on the production of crude protein in a mixture of rye grass, Louisiana S-1 white





0 1 5 3 0 6 0 1 20 300* 300' 300* 600* 600
Lbs. P2O5 Applied Per Acre ^» ^'"-^
FIGURE 6.—The effects of the use of different sources and amounts of phosphorus
on the production of crude protein in a mixture of rye grass, Louisiana S-1 white
clover, and Dallis grass^ 1953 and 1955.
legumes in the mixture also contributed to narrow ratios. Wide ratios
were obtained in the fall, when the forage consisted of mature grasses.
These wide ratios may be attributed to low protein and high fiber con-
tents of the mature grasses. Maynard (25) states that as this ratio becomes
wider, the digestibility of all nutrients tends to be lower. It is apparent
from the data in Tables 3 and 4 that by September the forage from all
plots was of poor quality.
The calcium, phosphorus, magnesium, and potassium contents of the
forage harvested during different months for the two years are given in
Tables 5 and 6, and a summary of the two years of data appears in
Table 7.
The mineral contents of the forage for the different months differed
greatly. The mineral contents of the forage from all treatments was gen-
erally higher in April and June than in September. The magnesium con-
tent of the forage varied less with season than did calcium, phosphorus,
or potassium, which decreased in content with advance in season. This
may be attributed to the stage of maturity and to changes in the botani-
cal composition as shown in Table 8. The botanical composition of the
clover-grass mixture showed abrupt changes with season. Thus, a con-
siderable part of the chemical variation noted was assumed to be due
to differences in the proportions of the several species, and their propor-
tions were greatly influenced by the kind and amounts of fertilizer phos-
phate applied.
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TABLE 5.—The effects of different sources and amounts of fertilizer phosphorus on
the contents of magnesium, potassium, calcium, and phosphorus in a mix-
ture of rye grass, Louisiana S-1 white clover, and Dallis grass on a Bowie
very fine sandy loam, 1953
Composition of dry matter Ca:P
1 \'f^rk till f^tl f C nai vcsLS Mo- IV v^a TJr Ratio
% % % %
No treatment A — ril
June 0.18 0.92 0.42 0.07 6.0
Sept. 0.19 0.76 0.30 0.06 5.0
l3 IDS. 1 -AJ^
1
AApril U.OD 9 Q9 1 1 Q A 1 Q0.13 9.1
triple superphosphate June 0.27 2.10 0.51 0.16 3 2
annually Sept. 0.22 1.33 0.30 0.05 6.0
0\J IDs. Jr2vJ'5 / r\. 1April u.o / 9 77 1 9fi1 .40 A 1 zl 0 Ay.u
triple superphosphate June 0.29 2.20 0.55 0.19 2.9
annually Sept. 0.25 l.ll 0.33 0.07 4.7
April 9 75? 1 Afi1 .UD A 1 Q 5.0
triple superphosphate June 0.29 2.14 0.64 0.26 2.5
annually Sept. 0.27 1.19 0.33 0.07 4.7
1 90 U-ic P 0 / A Ap ri 1 9 884.00 1 1 A1 . lU A 9flU.4O A 94.4
triple superphosphate June 0.35 2.23 0.78 0.26 3.0
annually Sept. 0.26 1.46 0.36 0.10 3.6
3UU IDS. r2^5/ April U.3
1
1 AAi.uy A QA0.30 3.6
triple superphosphate June 0.32 2.00 0.66 0.22 3.0
1st year only Sept. 0.30 1.76 0.38 0.12 3.2
5(JU IDS. jTa'-^s/^- Api 11 A 9Q 9 47 1 A91 .U4 A 98 3.6
ordinary superphosphate June 0.36 2.05 0.82 0.23 3.6
1st year only Sept. 0.29 1.75 0.44 0.12 3.7
QAA IK" P 0 / A5UU ID3. r 2*^5/ A. AApril A 9 8?? A Of; A 1 K 0.3
VAr-V l"^}! A«l"sVl SI fP 0.31 1.84 0.55 0.14
1st year only Sept. 0.27 1.34 0.30 0.09 3.3
600 lbs. P2O5/A. April 0.40 2.74 1.36 0.17 8.0
rock phosphate June 0.34 2.01 0.66 0.18 3.7
1st year only Sept. 0.29 1.44 0.36 0.08 4.5
600 lbs. P2O5/A. April 0.31 2.77 1.01 0.20 5.1
rock phosphate 1st year June 0.28 2.11 0.67 0.23 2.9
only (no lime) Sept. 0.24 1.45 0.33 0.11 3.0
In 1953, the growth in early season was primarily rye grass and white
clover. The amount of clover present in the plots was dependent on the
amount of available P2O5 applied per acre as shown in Table 8. In the
late summer and early fall the vegetation was predominantly Dallis grass
in all of the fertilized plots.
The invasion of lespedeza into the plots where the lower rates of
available phosphorus were applied was evident in the fall of 1954 and
was pronounced in the spring and summer months of 1955, when it made
24
TABLE 6.—The effects of different sources and amounts of fertilizer phosphorus on
the contents of magnesium, potassium^ calcium, and phosphorus in a mix-
ture of rye grass, Louisiana S-1 white clover, and Dallis grass on a Bowie very
fine sandy loam, 1955
Composition of dry matter Ca:P
Treatments Harvests Mg K Ca P Ratio
% 07/o % %
No treatment April 0.31 1.59 0.74 0.08 9.3
June 0.32 1.30 0.95 0.06 15.8
Sept. 0.26 0.58 0.49 0.05 9.8
15 lbs. P2O5/A. April 0.29 2.29 0.69 0.16 4.3
triple superphosphate June 0.29 1.33 0.74 0.09 7.4
annually Sept. 0.26 0.80 0.41 0.06 6.8
30 lbs. P2O5/A. April 0.31 2.26 0.72 0.18 4.0
triple superphosphate June 0.31 1.38 0.82 0.12 6.8
annually Sept. 0.27 1.00 0.39 0.11 3.5
60 lbs. P2O5/A. April 0.38 2.21 0.87 0.22 4.0
triple superphosphate June 0.32 1.59 0.67 0.17 3.9
annually Sept. 0.25 0.86 0.38 0.09 4.2
120 lbs. P2O5/A. April 0.37 2.49 1.01 0.27 3.7
triple superphosphate June 0.25 1.70 0.52 0.19 2.7
annually Sept. 0.29 0.91 0.45 0.12 3.8
300 lbs. PoOg/A. April 0.35 2.41 0.93 0.22 4.2
triple superphosphate June 0.30 1.38 0.68 0.16 4.3
1st year only Sept. 0.27 0.82 0.45 0.09 5.0
300 lbs. P2O5/A. April 0.37 2.24 0.91 0.21 4.3
ordinary superphosphate June 0.29 1.43 0.70 0.14 5.0
1st year only Sept. 0.29 1.06 0.47 0.10 4.7
300 lbs. P.O5/A. April 0.31 2.38 0.57 0.14 4.1
rock phosphate June 0.32 1.42 0.74 0.10 7.4
1st year only Sept. 0.28 0.88 0.44 0.07 6.3
600 lbs. P2O5/A. April 0.34 2.42 0.66 0.17 3.9
rock phosphate June 0.29 1.40 0.71 0.14 5.1
1st year only Sept. 0.28 1.00 0.48 0.08 6.0
600 lbs. P2O5/A. April 0.30 2.32 0.68 0.20 3.4
rock phosphate 1st year June 0.27 1.50 0.79 0.15 5.3
only (no lime) Sept. 0.25 0.96 0.50 0.07 7.1
up as much as 60 per cent of the vegetative growth (Table 8) . The oc-
currence of lespedeza in these plots may be attributed to the spreading of
seed through animal droppings in the area prior to the establishing of
the test in fall of 1952.
The data in Table 8 for 1955 also show that in plots where there was
a relatively high percentage of white clover in the spring a small per-
centage of lespedeza was present in the summer and fall. This may be
associated with a higher phosphorus requirement for white clover, and
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TABLE 7.—The effects of different sources and amounts of fertilizer phosphorus on
the contents of magnesium, potassium, calcium, and phosphorus in a mix-
ture of rye grass, Louisiana S-1 white clover, and Dallis grass on a Bowie
very fine sandy loam (Mean of 1953 and 1955)
Composition of dry matter Ca:P
Treatments Harvests Mg K Ca P Ratio
% % % %
No treatment Apill A Q 1U.ol 1 r n1 .59 A 1-! A0.74 0.08 A 19.3
June 0.25 1.11 0.69 0.07 9.9
Sept. 0.23 0.67 0.40 0.06 6.7
15 lbs. FoOg/ A. April 0.33 2 61 0.94 0.15 0.3
triple superphosphate June 0.28 1.72 0.63 0.13 4.8
annually Sept. 0.24 1.07 0.36 0.06 6.0
OV IDS. 1 2^5/ A. Apt U 4.54 u.yy n 1 fi 0.4
triple superphosphate June 0.30 1.79 0.69 0.16 4.3
annually Sept. 0.26 1.06 0.36 0.09 4.0
m) IDS. 1 mCJj/ a. April u.oo 4.4/ n Q'7u.y/ U.4I A R"to
triple superphosphate June 0.31 1.87 0.66 0.22 3.0
annually Sept. 0.26 1.03 0.36 0.08 4.5
140 lbs. 1 2 ^-'5/ A. April U.OO
0 cm4.oy l.Uo A 0*70.4/ o.y
triple superphosphate June 0.30 1.97 0.65 0.23 2.8
annually Sept. 0.28 1.19 0.41 0.11 3.7
300 lbs. P2O5/A. April 0.33 2.38 1.01 0.26 3.9
triple superphosphate June 0.31 1.69 0.67 0.19 3.5
1st year only Sept. 0.29 1.29 0.42 0.11 3.8
300 lbs. P2O5/A. April A Q Q0.33 4.3d A AT0.97 A or0.40 o.y
ordinary superphosphate Jiuie 0.33 1.74 0.76 0.19 4.0
1st year only Sept. 0.29 1.41 0.46 0.11 4.2
300 lbs. P2O5/A. April 0.34 2.61 0.76 0.15 5.1
rock phosphate June yj.OA 1.63 0.65 0.12 5.4
1st year only Sept. 0.28 1.11 0.37 0.08 4.6
600 lbs. P2O5/A. April 0.37 2.58 1.01 0.17 5.9
rock phosphate June 0.32 1.71 0.69 0.16 4.3
1st year only Sept. 0.29 1.22 0.42 0.08 5.3
600 lbs. P.O./A. April 0.31 2.55 0.85 0.20 4.3
rock phosphate 1st year June 0.28 1.81 0.73 0.19 3.8
only (no lime) Sept. 0.25 1.21 0.42 0.09 4.7
with plant competition between the clover and lespedeza in the early
spring.
The addition of phosphorus to the soil increased the phosphorus con-
tent of the forage at all the rates of phosphorus tested (Tables 5, 6, and
7). In general, the percentage of phosphorus in the forage increased as
the rate of available PsO,^ applied per acre was increased. However, in
1953, which was the first crop year, the application of more than 120
pounds of P2O5 per acre from superphosphate gave very small increases
26
TABLE 8.—The effects of different sources and amounts of fertilizer phosphorus on
the botanical composition of a mixture of rye grass, Louisiana S-1 white
clover, and Dallis grass on a Bowie very fine sandy loam, 1953 and 1955
1953 1955
Estimated Per Cent Estimated Per Cent
Treatments Harvests Legumes Grasses Legumes Grasses
No treatment April 100'
June 100^ 100''
Sept. 100"^ 100''
15 lbs. P2O5/A. April 5"* 95^ 10^ 90=*
triple superphosphate June 20^ 80* 25=* 75*
annually Sept. 100* 5=* 95*
30 lbs. P2O5/A. April 10^ 90=* 10^' 90=*
triple superphosj^hate June 30^ 70* 60- 40*
annually Sept. 100* 15' 85*
60 lbs. P2O5/A. April 10^ 90=* 20^ 80=*
triple superphosphate June 30^ 70* 15=* 85*
annually Sept. 100* 100*
120 lbs. PsOg/A. April 15^ 85=* 50^ 50*
triple superphosphate June 60^ 40* 5=* 95*
annually Sept. 100* 100'
300 lbs. PaOg/A. April 10^ 90^ 40* 60=*
triple superphosphate June 50^ 50* 20- 80*
1st year only Sept. 100* 5=* 95*
300 lbs. P^Os/A. April 15^ 85=* 50* 50^
ordinary superphosphate June 80^ 20* 15=* 85*
1st year only Sept. 100' 5=* 95*
300 lbs. P2O5/A. April 100=* 10^ 90=*
rock phosphate June 15^ 85* 40=* 60*
1st year only Sept. 100* 10=* 90*
600 lbs. P2O5/A. April 10^ 90=* 25* 75-^
rock phosphate June 30^ 70* 40- 60*
1st year only Sept. 100* 15=* 85*
600 lbs. P2O5/A. April 5^ 95^ 15* 85'^
rock phosphate 1st year June 15^ 85* 50=* 50*
only (no lime) Sept. 100* 15=* 85*
*White Clover, 'Lespedeza, =*Rye grass, *Dallis grass, =^Native grass
in the phosphorus content of the forage. The phosphorus content of the
forage from the rock phosphate treatments was shghtly higher when no
lime was applied. The percentage of phosphorus in the forage from the
application of 600 pounds of P2O5 per acre from rock phosphate, with-
out lime, was approximately equal to that from 60 pounds of P0O5 per
acre from triple superphosphate applied annually.
There were considerable differences in the phosphorus uptake per
acre among the different phosphate treatments, as shown in Figures 7,
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8, and 9. The phosphorus uptake per acre from 300 pounds of P2O5
applied as ordinary superphosphate was considerably higher than that
from 300 pounds of P2O5 applied as triple superphosphate. However, the
percentage of phosphorus in the forage was about the same. The higher
uptake of phosphorus per acre from the ordinary superphosphate was
due to a higher yield. By 1955, the differences in yield between these
two treatments were considerably less, and the phosphorus uptake per
acre for the two treatments was almost equal (Figure 8) . The phos-
phorus uptake per acre from the annual application of 120 pounds of
P2O5 per acre from triple superphosphate surpassed that of the initial ap-
plication of 300 pounds of P0O5 per acre from triple or ordinary super-
phosphate the third year. However, the highest total phosphorus uptake
for the two years was obtained from ordinary superphosphate (Figure
9) . The total phosphorus uptake per acre from initial application of 600
pounds of P2O5 per acre from rock phosphate, with and without lime,
was equal to that from triple superphosphate applied at the rate of 60
pounds of P2O5 annually.
The results of the chemical analysis (Tables 5, 6, and 7) show that
the phosphorus content in the forage was low enough to become deficient
for the proper nutrition of beef cattle by September. Phosphorus in the
forage may be on the borderline of deficiency for a considerable period
before this. The phosphorus content of the forage collected from the
check plots, which consisted of native grasses, was considerably below the
minimum requirements for beef cattle for all seasons.
On the basis of a minimum requirement of 0.13 per cent phosphorus
in the forage (9, 34) , it is apparent from the data in Table 7 that the
phosphorus content in the forage during April and June from the ferti-
lized plots is equal to or well above the minimum requirements for beef
cattle, but not in September.
If the minimum phosphorus requirement of 0.18 per cent recom-
mended by Guilbert, Gerlaugh, and Madsen (18) is used as a standard,
the forage from all plots receiving less than 60 pounds of available P2O5
per acre annually is deficient in phosphorus for all seasons. It is apparent
from the data that the phosphorus content in the forage from all ferti-
lized plots will be nearing the critical levels before the end of the sum-
mer season.
The calcium content of the forage from all treatments (Tables 5, 6,
and 7) was generally higher in the spring than in the summer or fall.
However, the calcium content of the forage was relatively high through-
out the growing season. Morrison (29) states that when legume hay or
mixed hay containing considerable legumes forms any important part of
the ration for cattle, sheep, or horses, they will ordinarily have an abun-
dance of calcium. Even when no legume roughage is fed to these classes
of livestock, there will usually be no deficiency of calcium unless the
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No Li me
FIGURE 7.-The effects of the use of different sources and amounts of phosphorus












6 0 120 300* "300* '600* \h
Lbs. P2O5 Applied Per Acre
FIGURE 8.-The effects of the use of different sources and amounts of phosphorus
on the P2O5 taken up by a mixture of rye grass, Louisiana S-1 white clover, and Dallis
grass, 1955.
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0 1 5 3 0 To 120 300* 300* 300* 600* 600 *
Lbs. P2O5 Applied Per Acre
FIGURE 9.—The effects of the use of different sources and amounts of phosphorus
on P0O5 taken up by a mixture of rye grass, Louisiana S-1 white clover, and Dallis
grass, 1953 and 1955.
Most successful stockmen have at least a fair proportion of legume
forage mixed with the total roughage available and are in that way
supplying liberal amounts of calcium as naturally contained in the ra-
tions.
Examination of the data in Tables 5, 6, and 7 shows that the calcium
content of forage from treatments receiving no lime was almost as high
as in those treatments receiving lime. The data indicate that the native
grasses growing on Bowie very fine sandy loam soil are relatively high in
calcium, even though they are growing on soil of low calcium content
and with pH 5.8. The application of lime to this soil is necessary to bring
about proper soil reaction for the growth of white clover and grasses.
It is evident from these data that a phosphorus deficiency is more
likely to occur than is a calcium deficiency.
It is known that calcium and phosphorus have definite relationships
in animal nutrition. Calcium-phosphorus ratios in the ration as a whole
have been found to be of importance. For the larger farm animals, suit-
able ratios vary from about 1 to 2.1 parts of calcium to each part of
phosphorus. Ruminants have a greater tolerance for severly unbalanced
calcium-phosphorus ratios, especially high calcium intakes, than have
swine (29) . While the desirable calcium-phosphorus ratio has been de-
fined as one lying between 2:1 and 1:2, adequate nutrition is possible
outside these limits. The optimum ratio varies somewhat according to
the levels of these elements. With plenty of vitamin D in the ration, the
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ratio becomes less important, and more efficient utilization is made of
the amounts of the elements present (25) . For example, rations having
a calcium-phosphorus ratio as ^\"ide as 6.5:1 have been entirely satisfac-
tory for raising dairy calves (29) . Considering the ratios reported by
Morrison and Maynard as ideal, it ^vill be seen that the ratios obtained
in this experiment are relatively ^\-ide. However, the ratios fall Avithin the
range of satisfactorv limits.
The data in Tables 5, 6, and 7 sho^\- that the calcium-phosphorus ra-
tios varied with treatment, botanical composition, and season. The mean
calcium-phosphorus ratios for 1953 and 1955 ^vere 4.47:1 and 5.45:1 re-
spectively. The data sho^v that ^vider calciimi-phosphorus ratio.^ wert ob-
tained ^vhen the forage consisted largeh' of gi-asses. This result appears
to be due to a high calcium content associated ^dth a low phosphorus
content in the grasses and not to a greater prevalence of clover.
The mean percentage of calcium ivas aboiu the same for the different
fertilizer treatments, while the mean percentage of phosphorus increased
as the rate of phosphorus application increased. This difference in the
percentage of phosphorus is reflected in the narro^v calcium-phosphorus
ratios for the plots receiving the higher rates of phosphorus.
A highly significant positi\-e correlation ^vas found bef^veen yield and
the amount of available PoO^ applied per acre in 4 of the 6 correlation
values determined. Other correlations bet^veen the contents of the dif-
ferent mineral elements in the plant material Avere incon.^i.^tent.
Summary and Conclusions
A study has been made of the effects of three sources of phosphorus,
applied at different rates and times, on the \ield. chemical composition,
and nutritive value of a mixture of r\e grass, Louisiana S-1 ^\4iite clo\ er,
and Dallis gi^ass gro^vn imder field conditions.
Significant differences in the dry matter production ivere obtained
among the different phosphate treatments.
The highest total yield of dry matter for t^\'o vears (1955 and 1955)
^\-as 8,783 pounds per acre from the superphosphate series. This \ield
^\'as obtained from the initial application of 300 ]3oimds of P^.O-, per
acre applied in the fall of 1952.
The highest total vield of drv matter from the rock phosphate treat-
ments ^\'as 6,246 poinids per acre. This yield ^vas obtained from the ini-
tial application of 600 pounds of PoO.=; per acre.
Rock phosphate applied at the rate of 600 pounds of PoO, per acre
appears to be comparable to triple superphosphate applied at the rate
of 300 pounds of P2O5 per acre for forage production.
The annual application of 60 pounds of P.O-, per acre from triple
superphosphate ^vas not sufficient to maintain yields of forage under
meado"^\' conditions.
The crude protein content of the forage from all fertilized plots wa.s
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above the minimum animal requirements in the spring and early sum-
mer. The growth, largely grasses, in September did not contain enough
crude protein to meet the nutritive requirements of beef cattle.
The calcium, phosphorus, magnesium, and potassium contents of the
forage decreased with the advance of growing. The magnesium content
of the forage varied less with season than did the other mineral elements.
In all instances the addition of phosphorus to the soil increased the
phosphorus content of the forage. Only small increases in the phos-
phorus content of the forage were observed from additions above the
120 pounds of PoO,, level in 1953.
A comparison of triple superphosphate and ordinary superphosphate
at the 300 pounds of P2O5 level shows that both sources supply phos-
phorus to the plants in approximately equal amounts. The residual
effects from these two sources at this level appear to be equal at the end
of the third year.
Phosphorus uptake was slightly greater from rock phosphate when
no lime was applied. The percentage of phosphorus in the forage from
the initial application of 600 pounds of P0O5 per acre from rock phos-
phate with no lime was approximately the same as that from 60 pounds
of P2O5 per acre from triple superphosphate applied annually.
On the basis of an animal requirement of 0.13 per cent phosphorus
in forage, the forage harvested from all fertilized treatments was equal to
or above the minimum requirements for beef cattle in April and June,
but the harvested forage was deficient in phosphorus from all treatments
by September. On the basis of an 0.18 per cent phosphorus requirement
in forage, the forage from the plots receiving less than 60 pounds per
acre of available P2O5 was deficient in phosphorus throughout the sea-
son.
The calcium content of the forage, 0.30 per cent or more, appeared
adequate from both limed and unlimed plots. Apparently a phosphorus
deficiency is more apt to occur than is a calcium deficiency in the forage
grown oh this soil.
The calcium-phosphorus ratios were considerably wider than the
optimum ratio of 2:L but the ratios obtained fall within the range of
tolerable limits.
A significant positive correlation was found between yield and the
amount of available P2O5 applied per acre. Other correlations between
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